Background
Introduction
concentrations, it is assumed that this polymorphism might be closely related to the risk of the hepatitis virus-related diseases. Our aim was to examine the association between the IFN-γ +874T/A polymorphism and the risk of hepatitis virus-related diseases in published studies using a meta-analysis.
Materials and Methods
This meta-analysis was conducted according to Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) statement, including the search strategy, selection criteria, data extraction and data analysis [17] .
Identification of eligible studies
We used the following terms to search for articles published in Embase, PubMed, and the Cochrane Library up to November 30, 2014 : "interferon," "IFN" "polymorphism," "polymorphisms," "mutation," "variant," "hepatitis," "cirrhosis," and "hepatocellular carcinoma." Two investigators (Yifan Sun and Yu Lu) conducted an extensive independent literature search. Articles in reference lists were hand-searched. Only English-language articles and human studies were searched.
Inclusion and exclusion criteria
The following criteria were used to select suitable studies: (1) case-control or cohort design studies; (2) contained data that could be extracted to calculate the odds ratio (OR), 95% confidence intervals (CIs), and Hardy-Weinberg equilibrium (HWE); (3) stated the DNA genotyping method and source of cases and controls. The following were excluded: review articles, letters, case reports, editorials, conference abstracts, and family-based studies.
Data extraction
Two investigators (Yifan Sun and Yu Lu) independently extracted data from the included studies. The data included the first author's name, publication date, country, ethnicity, total sample size, virus type and liver disease type, genotyping method, genotype frequencies of cases and controls, source of the case group and control group, age and sex ratio, source of specimens used to determine the genotypes, and the estimated HWE. If the literature did not provide sufficient data, the investigators tried to contact the author to get the original data by email.
In the subgroup analysis, ethnicities from Europe, West Asia, North Africa, and the Americas were categorized as Caucasian and those from East or Southeast Asia as Asian. The hepatitis virus type and liver disease type were also categorized. If the data in the study were related to various liver diseases, the study was treated as a separate study in the meta-analysis. To determine the accuracy of the extracted information, the data extracted by the two investigators were expected to be the same. In cases of a dispute, they checked their data again. If they could not reach an agreement, the dispute was resolved by a third reviewer (Xue Qin).
Quality score assessment
Two investigators (Yifan Sun and Shan Li) assessed the quality of the selected studies independently, following the criteria predefined by Thakkinstian et al. [18] and used by Ye et al. [19] (S1 Table) . The criteria were the sources of the cases and controls, the total sample size, the source of the specimens, and the HWE of the controls. According to the quality score assessment, a study scoring <10 was considered a "low-quality" study, whereas one with a score 10 was classified as a "high-quality" study. The lowest score was 0, and the highest score was 15 [19] .
Statistical analysis
The association between the IFN-γ +874T/A polymorphism and hepatitis virus-related diseases was assessed with various comparison models, including an allelic model (A vs. T), a codominant model (TA vs. TT and AA vs. TT), a dominant model (TA+AA vs. TT), and a recessive model (AA vs. TA+TT). Because the studies lacked details of the environmental factors, unadjusted ORs and the corresponding 95% CIs were used to measure the strength of the models.
In common with previous studies [20, 21] , heterogeneity was assessed with a chi-squared Q test and I-squared statistics. If P Q <0.1 or I 2 50%, the heterogeneity was considered significant.
The random-effects model used the DerSimonian and Laird method. Otherwise, the summary OR and the corresponding 95% CI were calculated with a fixed-effects model (the MantelHaenszel method). We also conducted a subgroup analysis by ethnicity, genotyping method, source of controls, hepatitis virus type, liver disease type, and quality assessment score. A metaregression that included the following covariates was performed: ethnicity, genotyping method, source of controls, and quality scores. Covariates with values of P<0.05 were considered the main sources of heterogeneity. Galbraith plot analysis was performed for further exploration of the heterogeneity. Sensitivity analysis was conducted to examine such influence by removing studies one by one and recalculating the pooled OR and 95% CI. A Begg's funnel plot and an Egger's test were used to investigate publication bias in the meta-analysis. P<0.05 indicated that the result was statistically significant.
All tests in this meta-analysis were conducted with STATA software (version 12.0; Stata Corporation, College Station, Texas, USA).
Results

Literature selection and study characteristics
Based on the search terms, 17 articles, which included 24 case-control studies containing 2,607 cases and 2,896 controls, were identified as suitable for a meta-analysis [3, 6, 7, 9, 12-14, 16, 22-30] (Fig 2) . The primary characteristics of the 24 studies are shown in Table 1 . Nine of the articles focused on Caucasians and eight on Asians. Sixteen studies focused on HBV-related diseases, five on HCV-related diseases, one on HDV-related disease, one on HEV-related disease, and one on mixed virus (HBV and HCV)-related HCC. When the articles were categorized by liver disease, two focused on HBV infection (only HBV carrier), nine focused on chronic hepatitis B (CHB), and seven focused on LC/HCC. The genotyping methods included the polymerase chain reaction-amplification refractory mutation system (ARMS-PCR), polymerase chain reaction-sequence specific primers (PCR-SSP), competitively differentiated-polymerase chain reaction (CD-PCR), and DNA sequencing. The HWE of the control population was calculated according to the genotypes. The control population did not fall into HWE in three articles [13, 25, 29] . According to the quality scores, 13 articles were "high-quality" studies. The source of the control population was divided into hospital based and population based.
Allele frequencies in different ethnicities
Allele frequencies in different ethnicities were calculated according to the original data of the studies. The IFN-γ +874T/A loci A allele had a higher representation in the controls of the Asian group than in the Caucasian group (65.5% vs. 55.6%, χ 2 = 47.07,P = 0.000). On average, the frequency of AA, TA, and TT as a proportion of 1 was 0.38, 0.41, and 0.21 respectively in the Asian population controls and 0.32, 0.48, and 0.20 in the Caucasian population; a significant difference was observed between the two ethnicities (χ 2 = 14.467, P = 0.001), as well as in the cases (χ 2 = 56.53, P = 0.000). The allele frequencies in the African group were not analyzed because of the sample size was too small.
Meta-analysis results
The results of the meta-analysis of the IFN-γ +874T/A polymorphism and hepatitis virusrelated disease risk are listed in Table 2 . In the pooled analysis using the random-effects model, there was a significant increased risk of hepatitis virus-related disease in the recessive model (AA vs. TT+TA: OR = 1.350, 95% CI = 1.101-1.657, P = 0.004, I 2 % = 54.3, and P Q = 0.001 for heterogeneity; see Fig 3) . For the recessive model, the results of the subgroup analysis showed that the IFN-γ +874T/ A polymorphism significantly increased the risk of hepatitis virus-related disease in Asians (OR = 1.407, 95% CI = 1.035-1.911, P = 0.029, I
2 % = 61.9 and P Q = 0.005 for heterogeneity; see 2 % = 25.9,and P Q = 0.169 for heterogeneity).
Similar results were observed for the CHB patient group (OR = 1.245, 95% CI = 1.009-1.538, Interferon Gamma Polymorphism and Hepatitis Virus-Related Diseases P = 0.004, I 2 % = 49.0, and P Q = 0.045 for heterogeneity) and the hospital-based population (OR = 1.221, 95%CI = 1.036-1.438, P = 0.017, I 2 % = 0.0, and P Q = 0.652 for heterogeneity).
Other results indicated a lack of statistical significance between the IFN-γ +874T/A polymorphism and hepatitis virus-related disease risk (Table 2) Heterogeneity analysis
All the models revealed statistical heterogeneity for the IFN-γ +874T/A polymorphism in the overall population, with I 2 values of heterogeneity greater than 50% and P Q values lower than 0.100. Heterogeneity still existed in some studies following the subgroup analysis according to ethnicity, virus genotyping method, sources of control, quality score assessment, hepatitis virus type, and liver disease type. A meta-regression of the sources of heterogeneity revealed that the genotype methods were the main sources of heterogeneity (P = 0.005, 95% CI = 0.299- (HCC/LC) [3] were the outliers. In the co-dominant model and the dominant model, the summary OR value did not change significantly after these two studies were excluded. However, following their exclusion, the I 2 values were lower than 50%, and the P Q value was larger than 0.10 (data not shown).
Sensitivity analysis
The control groups in the studies by Teixeira et al. [29] , Gao et al. [25] , and Srivastava et al. [14] were out of HWE (Table 1) , and these three studies were excluded to perform a sensitivity analysis of the pooled ORs for the IFN-γ (+874T/A) polymorphism. Further sensitivity analysis was performed by excluding the studies by Karatayli et al. [26] and Mishra et al. [12] , in which the study virus types were HDV and HEV, respectively. Three articles that used the DNA sequencing method to obtain the genotype were also excluded one by one [7, 12, 27] . Finally, the corresponding pooled ORs were not qualitatively altered with or without including these studies (data not shown). Publication bias A Begg's funnel plot and an Egger's test were used to investigate the publication bias in the meta-analysis (Fig 5) . No significant publication bias was detected with the funnel plot in the overall population in the recessive model. The statistical results of the Egger's test also provided evidence of funnel plot symmetry (P Egger's test = 1.840; P = 0.08).
Discussion
Various environmental and dietary factors are responsible for liver diseases, but hepatitis infection is the main cause of CH, LC, and HCC [31] . The association between the IFN-γ +874T/A polymorphism and the risk of hepatitis virus-related diseases has been studied extensively because of the importance of IFN-γ in immune responses [3, 9, 13, 16, 25, 29] . However, previous studies provided inconsistent results. To clarify this issue, we conducted a meta-analysis, and the results showed that there was a significant association between the IFN-γ +874T/A polymorphism and risk of hepatitis virus-related disease in the pooled analysis in the recessive model, with the +874 AA genotype associated with a 1.350-fold increased risk of hepatitis virus related-disease, especially in Asian and HBV-related diseases The results indicate that the IFN-γ +874T/A polymorphism may play an important role in hepatitis virus-related disease. The following pathways are considered the main way in which the IFN-γ +874T/A polymorphism affects the development of hepatitis virus infection. First, the IFN-γ +874T/A genotype TT, which produces a high level of IFN-γ, aids the host's antiviral defense system. In contrast, the AA and TA genotypes result in low IFN-γ production, potentially increasing the risk of hepatitis virus infection [32] . Second, as noted earlier, IFN-γ binds to a specific cell-surface receptor (IFN-γR), which plays a significant role in multiple types of cancers and stimulates cell signaling pathways (JAK-STAT). The IFN-γ +874T/A polymorphism leads to dysfunction of IFN-γR, potentially increasing the risk of liver diseases [2] . In addition, the DNA sequence containing the +874 T allele is the specific binding site for the nuclear factor Kappa B(NF-κB) transcription factor. If the NF-κB pathway is affected, it may lead to oxidative damage, which can also increase the risk of LC and HCC [32] . The possible pathway of the IFN-γ polymorphism increase in hepatitis virus-related diseases risk is shown in Fig 1. The stratified analysis by ethnicity in the present study suggested that the IFN-γ +874T/A polymorphism influenced the risk of hepatitis virus-related diseases in Asians but not in Caucasians. Many factors may contribute to this finding. First, hepatitis virus related-disease is a complex entity, with multiple determinants other than virus infection, such as diet and the environment. Some studies noted significant gene-gene and gene-environmental interactions in patients with hepatitis virus related-diseases [33] [34] [35] . Second, as shown in previous studies, the gene frequency of the IFN-γ +874T/A polymorphism varies in ethnicities [36, 37] , and the Asian population had a higher rate of the A allele than that in the Caucasian population in our study. Third, the inclusion of study subjects from different populations, together with the various genotyping methods and the different sample sizes used in these studies, means it is not possible to reach a definitive conclusion, and the results remain conflicting. The subgroup analysis showed that the significant results are mainly reflected in the HBVrelated group. Evidence suggests that IFN-γ can suppress viral replication/clear HBV without causing liver injury, the non-cytolytic HBV suppression effect of IFN-γ is believed to have an important role in the control of HBV viral activity in patients with CHB [38] . Regarding CHB, IFN-γ +874 was seen to play a functional role in relation to viral load, consistent with its known role inhibiting and replicating of HBV-infected cells [16] . IFN-γ can also induce expression of HLA class II [39] , and a genome-wide association study (GWAS) showed that HLA contributes to the risk of persistent HBV infection [40] .
As we now known, the IFN-γ +874T/A TT genotype produces a high level of IFN-γ, and the AA and TA genotypes result in low IFN-γ production. Thus we can suppose that the AA+TA vs. TT model may have significant association in the analysis. However, the ORs of AA vs. TT+TA and AA+TA vs. TT are opposite in our meta-analysis. These confusing results suggested that the T allele is a protective gene in liver disease; moreover, this allele has more power than the A allele, therefore, only the population with the AA genotype has higher risk of hepatitis virus-related liver disease. Indeed, similar results happened in the association between the IFN-γ +874T/A polymorphism and cervical cancer with human papillomavirus (HPV) infection [41] and leprosy caused by Mycobacterium leprae [42] . A meta-analysis also indicated that the +874 T allele of IFN-γ showed a protective significant association with tuberculosis susceptibility [43] .
Studies have also reported the role of the IFN-γ gene in the response to drug treatment in cancer [44] . Sarvari et al. [13] indicated that the +2109 locus of the IFN-γ gene, which is also the specific binding site for NF-κB similar to the +874 locus, influenced HCV therapy. Moreover, Oxenkrug et al. [45] found that T alleles at the +874 locus of the IFN-γ gene were a risk factor in depressed patients with HCV who were treated with IFN-alpha. The IFN-γ gene polymorphism may further affect the development of HCC and the response to cancer drugs by increasing the risk of hepatitis virus-related diseases, although we did not observe a significant association between the (+874T/A) polymorphism and HCC risk in this study, which is worthy of further investigation in the future.
We noticed that the meta-analysis by Ge et al. [46] also suggested that the +874T/A polymorphism may not contribute to HCC susceptibility with three studies, which was verified by our meta-analysis with six studies. In addition, Sun et al. [47] also performed a meta-analysis of the +874T/A polymorphism and CHB risk with five studies, and their results indicated the TT genotype and the T allele reduce the risk of chronic HBV infection in Asian individuals, which was similar to our meta-analysis of nine studies. However, we did not observed a significant association in co-dominant models. These differences may be because more studies were involved in our study, therefore; therefore, we believe our results are more robust with more statistical power.
Heterogeneity is the most common problem when explaining the results of a meta-analysis. In the current meta-analysis, we assessed heterogeneity using various statistical methods, including subgroup analysis, meta-regression, and Galbraith plot analysis. Finally, we concluded that the heterogeneity in the meta-analysis was due to the genotyping method, mixed infection, and various virus types. Sensitivity analysis was performed by excluding the studies not in HWE. The studies of HDV infection and HEV infection and those that used different genotyping methods, especially the DNA sequencing method, were also excluded one by one. The corresponding pooled OR value did not differ significantly from that of the overall meta-analysis. However, a Begg's funnel plot and an Egger's test (P>0.05) showed no publication bias. Therefore, we consider that the results are credible, although there are some confounding factors in the articles.
GWASs have evolved over the last 10 years into a powerful tool for investigating the genetic architecture of human disease. Recently, many GWASs determined that SNPs at HLA-DPA1, HLA-DPB1, HLA-DQB1-HLA-DQA2 and HLA-DQB2 are associated with chronic HBV infection in Japanese and Korean populations [40, 48, 49] , and Hu et al. identified two new loci associated with chronic HBV infection: rs3130542 at 6p21.33 and rs4821116 at 22q11.21 in Han Chinese [50] . In addition, rs17401966 in KIF1B on chromosome 1p36.22 locus confers susceptibility to HBV-related HCC [51] . Our results suggested that rs2430561 in IFN-γ on chromosome 12q24 contributes to susceptibility to HBV-related diseases based on traditional genotyping methods, and these results have motivated us to carry out a GWAS focus on the SNPs on chromosome 12 to discover novel susceptibility loci for HBV-related diseases in the future.
Several limitations of the present meta-analysis should be considered when interpreting the results. First, most of the included studies had small sample sizes, which led to insufficient statistical power to explore the interaction between the IFN-γ +874T/A polymorphism and hepatitis virus-related diseases. The lack of association in the other ethnicity or genetic model may be most likely because of insufficient studies. Further studies on this topic in different ethnicities are expected to be conducted to strengthen our results. Second, because a lack in the original data of the reviewed studies, a more precise analysis could not conducted of individual information including other covariates such as age and sex. In spite of these, our meta-analysis had some advantages. First, a substantial number of cases and controls were pooled from different studies, which greatly increased the statistical power compared with individual studies. Second, the results of the sensitivity analyses were not materially altered and did not draw different conclusions, indicating that our results were moderately robust.
Conclusion
In summary, this meta-analysis indicated that the IFN-γ +874T/A polymorphism increases the risk of hepatitis virus-related diseases, especially in Asians and HBV-related disease. We expect more relevant studies to be published on this topic in the future to strengthen our conclusion, as it remains a topic of concern and interest.
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